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(3) Internal drum plotter. 

(57) An internal drum plotter including apparatus 
for mounting a recording substrate in a gener- 
ally cylindrical configuration about a longitudi- 
nal axis, a multi-beam light source assembly 
(14) disposed at a first location along the lon- 
gitudinal axis, and including a plurality of light 
sources (16) which are separated from each 
other along an axis (18) perpendicular to the 
longitudinal axis (12), light directing apparatus 
operative to direct light received from the mul- 
ti-beam light source assembly to the recording 
substrate and apparatus for transmitting light 
from said multi-beam light source assembly to 
said light directing apparatus substantially with- 
out inaccuracies which are functions of the 
period of rotation of the light directing ap- 
paratus about the longitudinal axis. 
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FIELD OF THE INVENTION — ' 

The present invention relates to internal drum 
plotters generally and more particularly to multi-be- 
am internal drum plotters. 

BACKGROUND OF THE INVENTION 

Various types of multi-beam internal drum plot- 
ters are known in the art An example of such plotters 
appears in European Patent 0307095. 

Generally speaking, the prior art plotters have 
limited accuracy due to wobble and cross- scan errors 
as the result of inaccuracies in the manufacture and 
mounting of a derotating element which is employed 
to prevent beam crossing under rotation and in the ap- 
paratus for rotating the derotating element 

SUMMARY OF THE INVENTION 

The present invention seeks to provide an im- 
proved internal drum plotter which overcomes the in- 
accuracies mentioned above. 

There is thus provided in accordance with a pre- 
ferred embodiment of the present invention, an inter- 
nal drum plotter including apparatus for mounting a 
recording substrate in a generally cylindrical config- 
uration about a longitudinal axis, a multi-beam light 
source assembly disposed at a first location along the 
longitudinal axis, and including a plurality of light 
sources which are separated from each other along 
an axis perpendicular to the longitudinal axis, light di- 
recting apparatus operative to direct light received 
from the multi-beam light source assembly to the re- 
cording substrate and apparatus for transmitting light 
from said multi-beam light source assembly to said 
light directing apparatus substantially without inac- 
curacies which are functions of the period of rotation 
of the light directing apparatus about the longitudinal 
axis. 

In accordance with a preferred embodiment of 
the present invention, the apparatus for transmitting 
light comprises image rotating apparatus disposed 
along the longitudinal axis, detector apparatus for 
sensing inaccuracies in light transmission to the light 
directing apparatus and feedback apparatus respon- 
sive to the sensed inaccuracies for correcting the rel- 
ative orientations of at least one of the multi-beam 
light source assembly, the light directing apparatus 
and the apparatus for transmitting light in order to re- 
move the sensed inaccuracies. 

The light directing apparatus typically comprises 
a mirror, a penta prism or any other suitable optical 
apparatus. In all cases, the light directing apparatus 
will be considered to have a mirror surface. 

In accordance with another preferred embodi- 
ment of the present invention, the apparatus for trans- 
mitting light comprises image rotating apparatus dis- 


' posed along the longitudinal axis and having at least 
one optical wedge fixed thereto in operative engage- 
ment therewith for substantially eliminating inaccura- 
cies resulting from inaccuracies in manufacture and 

s mounting of the image rotating apparatus arid the ap- 
paratus for rotating same. 

In accordance with still another preferred em- 
bodiment of the present invention, the multi-beam 
light source assembly is operative to rotate at the 

w same speed as the light directing apparatus. 

In this embodiment the light transmitting appara- 
tus may advantageously be a pair of lenses which 
preferably are fixed with respect to the longitudinal 
axis and to the substrate. 

15 In the embodiment wherein the multi-beam light 
source assembly is operative to rotate at the same 
speed as the light directing apparatus, the light 
source assembly may comprise a rotary optical joint 
Alternatively, the rotating light source assembly 

20 may comprise a plurality of light sources. A data input 
may be provided to the light sources using an electri- 
cal rotary joint or in a wireless manner. Preferably, in 
this case the light source assembly includes a power 
supply which rotates together with the plurality of light 

25 sources. 

As a further alternative, the rotating light source 
assembly may comprise an integrated optical ele- 
ment receiving an electrical data input preferably in a 
wireless manner. 

30 There is also provided in accordance with a pre- 
ferred embodiment of the present invention, an inter- 
nal drum plotter including apparatus for mounting a 
recording substrate in a generally cylindrical config- 
uration about a longitudinal axis, a multi-beam light 

35 source assembly disposed at a first location along the 
longitudinal axis, such that separate light sources are 
separated from each other in a direction perpendicu- 
lar to the longitudinal axis, light directing apparatus 
operative to direct light received from the multi-beam 

40 light source assembly to the recording substrate and 
apparatus for transmitting light from said multi-beam 
light source assembly to said light directing appara- 
tus, the internal drum plotter being characterized in 
that the line to line resolution produced thereby may 

45 be continuously varied by adjustment of the orienta- 
tion of at least one of said light source assembly, light 
directing apparatus and apparatus for transmitting 
light relative to the remainder. 

50 BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be understood and ap- 
preciated more fully from the following detailed de- 
scription, taken in conjunction with the drawings in 
55 which: 

Fig. 1 is a simplified illustration of an internal 
drum plotter constructed and operative in accor- 
dance with a preferred embodiment of the pres- 
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ent invention; - * 

Fig. 2 is an illustration of one preferred embodi- 
ment of an internal drum plotter constructed and 
operative in accordance with the present inven- 
tion; 

Figs. 3A, 3B and 3C illustrate another preferred 
embodiment of an internal drum plotter con- 
structed and operative in accordance with the 
present invention; 

Fig. 4 is an illustration of one preferred embodi- 
ment of an internal drum plotter constructed and 
operative in accordance with a preferred embodi- 
ment of the present invention wherein the light 
source assembly rotates at the same speed as 
the light directing apparatus; 
Fig. 5 is an illustration of one embodiment of ro- 
tating multi-beam light source assembly in the in- 
ternal drum plotter of Fig. 4; 
Fig. 6 is an illustration of another embodiment of 
rotating multi-beam light source assembly in the 
internal drum plotter of Fig. 4; 
Fig. 7 is an illustration of one embodiment of ro- 
tating multi-beam light source assembly in the in- 
ternal drum plotter of Fig. 4; 
Figs. 8Aand 8B illustrate limits of continuous va- 
riation of line-to-line resolution in the embodi- 
ments of Figs. 2 and 3; and 
Figs. 9Aand 9B illustrate limits of continuous va- 
riation of line-to-line resolution in the embodi- 
ments of Fig. 4. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

Reference is now made to Fig. 1 , which is a sim- 
plified illustration of an internal drum plotter con- 
structed and operative in accordance with a preferred 
embodiment of the present invention. 

The internal drum plotter of Fig. 1 comprises a 
generally circular cylindrical drum 10 for mounting a 
recording substrate 11 in a generally cylindrical con- 
figuration therewith in about a longitudinal axis 12. 

A multi-beam light source assembly 14 is dis- 
posed at a first location along the longitudinal axis 12. 
The location may be fixed, or alternatively may move 
axially along the longitudinal axis 12. Preferably light 
source assembly 14 comprises a plurality of light 
sources 16, which are separated from each other 
along an axis 18 perpendicular to the longitudinal axis 
12. 

Disposed for rotation about longitudinal axis 12 is 
light directing apparatus 20, which is operative to di- 
rect light received from the multi-beam light source 
assembly 14 to the recording substrate 11. 

Arranged for rotation about longitudinal axis 12 
intermediate light source assembly 14 and light di- 
recting apparatus 20 is apparatus 22 for transmitting 
light from the multi-beam light source assembly 14 to 


the light directing apparatus 20 substantially without 
inaccuracies which are functions of the period of ro- 
tation of the light directing apparatus about the long- 
itudinal axis. 

5 Reference is now made additionally to Fig. 2, 

which illustrates one preferred embodiment of an in- 
ternal drum plotter constructed and operative in ac- 
cordance with the present invention. In accordance 
with a preferred embodiment of the present invention, 

io as illustrated in Fig. 2, the apparatus 22 for transmit- 
ting light comprises image rotating apparatus 30 
which is disposed downstream of a collimating lens 
32 and thus receives colli mated beams of light from 
assembly 14. 

15 The image rotating apparatus 30 preferably com- 
prises a generally cylindrical housing 34, which is ar- 
ranged for rotation about axis 12, as indicated by ar- 
row 35. Disposed within housing 34 are a plurality of 
optical wedge prisms 36 together with an image rota- 

20 tion prism 38, such as a Dove prism, manufactured by 
Melles Griot of the Netherlands. The wedge prisms 
are configured and mutually arranged so as to correct 
inaccuracies in the manufacture and mounting of the 
Dove prism 38 and of the entire image rotating appa- 

25 ratus 30. 

Downstream of image rotating apparatus 30 
there is preferably provided a focusing lens 40, which 
directs light onto a rotating mirror surface 42 of light 
directing apparatus 20, which surface is rotated about 

30 axis 1 2 as by a motor 44. M irror surface 42 directs the 
light onto the recording substrate 11. 

Reference is now made to Fig. 3A, which is an il- 
lustration of another preferred embodiment of an in- 
ternal drum plotter constructed and operative in ao- 

35 cordance with the present invention. As seen in Fig. 
3B, in this embodiment a light source assembly 70 in- 
cludes a row of spatially separated light sources 76, 
which are configured and arranged similarly to light 
sources 16 in the embodiment of Fig. 1. Light source 

40 assembly 70 also includes an additional light source 
78, of a different color or polarization from that of light 
sources 76. 

Light from light sources 76 and 78 passes 
through a collimating lens 80 which directs the light 

45 onto an image rotating prism 82, preferably a Dove 
prism, as described hereinabove in connection with 
Fig. 2. Wedges may also be provided as in the em- 
bodiment of Fig. 2 to provide partial correction. 
Light leaving the Dove prism 82 impinges upon a 

so beam splitter 84 which is axially fixed with respect to 
Dove prism 82 but does not rotate. Beam splitter 84 
is preferably operative to pass the light from light 
sources 76 via a focusing lens 85 to a rotating mirror 
surface 86 of light directing apparatus 88, which sur- 

55 face is rotated about an axis 90 as by a motor 92. Mir- 
ror surface 86 directs the light onto the recording sub- 
strate 93. 

Beam splitter 84 directs the light from light source 
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78 via a focusing lens 97 to detector apparatus 94 for 
sensing inaccuracies in light transmission to the light 
directing apparatus 88. Preferably the detector appa- 
ratus 94 comprises a Model 431 X-Y optical position 
indicator, manufactured by UDT of Hawthorne. Cali- s 
fornia, U.S.A. including a detector portion 95 and a 
correction unit 96. The location of a spot of light 98 on 
the image plane of the detector portion 95 is illustrat- 
ed in Fig. 3C, taken along lines III - III in Fig. 3A. 

Four electrical current outputs from detector por- 10 
tion 95, labeled A, B, C and D are supplied to correc- 
tion unit 96 which provides X and Y position correction 
outputs to positioning apparatus 100 which positions 
assembly 70 in accordance therewith with respect to 
axis 90 and in a plane perpendicular thereto. 15 

It is appreciated that the apparatus described 
hereinabove provides feedback responsive to the 
sensed inaccuracies for correcting the relative orien- 
tations of the multi-beam light source assembly, the 
light directing apparatus and the apparatus for trans- 20 
mitting light in order to remove the sensed inaccura- 
cies. 

Reference is now made to Figs. 8Aand 8B, which 
illustrate the effects of varying the angular relation- 
ship between the Dove prism 38, the mirror surface 25 
42 and the axis 1 8 along which the various light sourc- 
es 16 are separated. 

From a consideration of Fig. 8A, it is seen that 
when the axis 18 is parallel to the normal 101 to the 
base of the Dove prism and the normal to mirror sur- 30 
face 42 is coplanarwith axis 18. a maximum axial sep- 
aration along axis 12 is realized for the impingement 
locations of the separate beams on the substrate 11. 

Thus, as seen in Fig. 8A, light emitted from light 
sources 102, 104 and 106 is received at respective 35 
axially separated locations 112, 114 and 116 on the 
substrate 11. 

It is appreciated that the separation is maintained 
during scanning by rotating the mirror surface 42 at a 
first rotation rate about axis 12 and rotating of the 40 
Dove prism in apparatus 22 in the same direction at 
one half of the first rotation rate, thus providing re- 
spective scan lines 122, 124 and 126. 

From a consideration of Fig. 8B, it is seen that 
when the axis 1 8 is at 45 degrees with respect to the 45 
normal 1 01 to the base of the Dove prism and the nor- 
mal to the mirror surface 42 is coplanar with axis 18, 
a zero axial separation along axis 1 2 is realized for the 
impingement locations of the separate beams on the 
substrate 11 and the impingement locations are an- so 
gularly separated in a plane which lies normal to axis 
12. 

Thus, as seen in Fig. 8B, light emitted from light 
sources 102, 104 and 106 is received at respective 
angularly separated locations 132, 134 and 136 on 55 
the substrate 11. 

It is appreciated that the separation is maintained 
during scanning by rotating the mirror surface 42 at a 


first rotation rate about axis 12 and rotating of the 
Dove prism in apparatus 22 in the same direction at 
one half of the first rotation rate, thus providing a sin- 
gle scan 138. 

It is appreciated that when the orientation of axis 
18 lies between the two extremes illustrated in Figs. 
8A and 8B, the impingement locations on the sub- 
strate are separate both axially and angularly, albeit 
by amounts less than the extreme amounts illustrat- 
ed in Figs. 8A and 8B. In this manner, the resolution 
of the separation of scanning lines is controlled. 

It is appreciated that the functionality described 
above in connection with Figs. 8A and 8B, applies 
equally to the embodiment of Figs. 3A- 3C. 

Reference is now made to Fig. 4, which is an il- 
lustration of one preferred embodiment of an internal 
drum plotter constructed and operative in accor- 
dance with wherein the light source assembly rotates 
at the same speed as the light directing apparatus. 

The internal drum plotter of Fig. 4 is arranged to 
write on a substrate 211 which is maintained in a gen- 
erally cylindrical configuration about a longitudinal 
axis 212. 

A multi-beam light source assembly 214 is dis- 
posed for rotation about axis 212 at a first location 
along the longitudinal axis 212. The location may be 
axially fixed, or alternatively may move axially along 
the longitudinal axis 212. Preferably light source as- 
sembly 214 comprises a plurality of light sources 21 6, 
which are separated from each other along an axis 
218 perpendicular to the longitudinal axis 212. 

Disposed for rotation about longitudinal axis 212 
together with assembly 214 is light directing appara- 
tus 220, which is operative to direct light received 
from the multi-beam light source assembly 214 to the 
recording substrate 211. 

Acolliminating lens 232 and a focussing lens 240 
are disposed intermediate assembly 214 and light di- 
recting apparatus 220. Preferably these lenses do not 
rotate. 

A rotating mirror surface 242 of light directing ap- 
paratus 220 is rotated by a motor 244 and directs the 
light onto the recording substrate 211. It is appreciate 
the spots of light from the individual light sources 216 
impinge on the substrate 211 at axially separated lo- 
cations therealong. 

Reference is now made to Fig. 5, which is an il- 
lustration of one embodiment of rotating multi-beam 
light source assembly in the internal drum plotter of 
Fig. 4. In the embodiment of Fig. 5. the rotating light 
source assembly comprises a optical rotary joint, in- 
dicated generally by reference numeral 250. A suit- 
able optical rotary joint is described in European Pa- 
tent 0111390. The optical rotary joint 250 receives 
multibeam light inputs from any suitable source and 
provides a multibeam light output which rotates about 
an axis 252. The remainder of the scanner may be as 
illustrated in Fig. 4. 
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Reference is now made to Fig. 6, which is a sinv 
plified pictorial illustration of another embodiment of 
rotating multibeam light source assembly in the inter- 
nal drum plotter of Fig. 4. In the embodiment of Fig. 
6. data is supplied to a wireless transmitter 260 which 
provides an optical beam to a receiver 262 which is 
mounted in a housing 264 which is rotated by a motor, 
partially indicated by reference number 266, about an 
axis 270. 

Also disposed in housing 264 is a power supply 
272, such as a battery which powers receiver 262 and 
a rotating light source assembly 274, which typically 
includes multiple light sources 276. The light sources 
276 of assembly 274 are illuminated in accordance 
with the received data, which is communicated to as- 
sembly 274 by wires connected to receiver 262. The 
remainder of the scanner may be as illustrated in Fig. 
4. 

Reference is now made to Fig. 7, which is a sim- 
plified pictorial illustration of part of yet another em- 
bodiment of rotating multt-beam light source assem- 
bly in the internal drum plotter of Fig. 4. In the embodi- 
ment of Fig. 7, and similarly to that of Fig. 6, data is 
received by a receiver 262 which is mounted in a 
housing 264,rotated by a motor, partially indicated by 
reference number 266, about an axis 270. 

Also disposed in housing 264 is a power supply 
272, such as a battery which powers receiver 262 and 
a rotating light source assembly 276. Light source as- 
sembly 276 differs from assembly 274 in the embodi- 
ment of Fig. 6 in that a single light source 280 is em- 
ployed and provides, typically via optical fibers, a light 
input to a multichannel light modulator 282, which re- 
ceives the data from receiver 262. The light modulator 
2S2 provides light outputs in accordance with the re- 
ceived data. The remainder of the scanner may be as 
illustrated in Fig. 4. 

Reference is now made to Figs. 9Aand 9B, which 
illustrate the effects of varying the angular relation- 
ship between the mirror surface 242 and the axis 218 
along which the various light sources 216 are sepa- 
rated. 

From a consideration of Fig. 9A, it is seen that 
when the normal to mirror surface 242 is coplanar 
with axis 218, a maximum axial separation along axis 
212 is realized for the impingement locations of the 
separate beams on the substrate 211. 

Thus, as seen in Fig. 9A, light emitted from light 
sources 302, 304 and 306 is received at respective 
axially separated locations 312, 314 and 316 on the 
substrate 211. 

It is appreciated that the separation is maintained 
during scanning by rotating the assembly 214 and 
mirror surface 242 together about axis 212, thus pro- 
viding respective scan lines 322, 324 and 326. 

From a consideration of Fig. 9B, it is seen that 
when the axis 218 is at 90 degrees with respect to 
both the normal to the mirror surface 242 and the axis 


* 212, a zero axial separation along axis 212 is realized 
for the impingement locations of the separate beams 
on the substrate 211 and the impingement locations 
are angularly separated in a plane which lies normal 

s to axis 212. 

Thus, as seen in Fig. 9B, light emitted from light 
sources 302, 304 and 306 is received at respective 
angularly separated locations 332, 334 and 336 on 
the substrate 211. 

10 It is appreciated that the separation is maintained 
during scanning by rotating the assembly 214 togeth- 
er with mirror surface 242 about axis 212, thus pro- 
viding a single scan 338. 

It is appreciated that when the orientation of axis 

15 21 8 lies between the two extremes illustrated in Figs. 
9A and 9B, the impingement locations on the sub- 
strate are separate both axially and angularly, albeit 
by amounts less than the extreme amounts illustrat- 
ed in Figs. 9A and 9B. In this manner, the resolution 

20 of the separation of scanning lines is controlled. 

It is appreciated that the functionality described 
above in connection with Figs. 9A and 9B, applies 
equally to the embodiments of Figs. 5-7. 

It will be appreciated by persons skilled in the art 

25 that the present invention is not limited by what has 
been particularly shown and described hereinabove. 
Rather the scope of the invention is defined only by 
the claims which follow: 

30 

Claims 

1. An internal drum plotter including: 

apparatus for mounting a recording sub- 

35 strate in a generally cylindrical configuration 
about a longitudinal axis; 

a multi-beam light source assembly dis- 
posed at a first location along the longitudinal 
axis, and including a plurality of light sources 

40 which are separated from each other along an 
axis perpendicular to the longitudinal axis; 

light directing apparatus operative to di- 
rect light received from the multi-beam light 
source assembly to the recording substrate; and 

45 apparatus for transmitting light from said 

multi-beam light source assembly to said light di- 
recting apparatus generally without inaccuracies 
which are functions of the period of rotation of the 
light directing apparatus about the longitudinal 

so axis. 

2. Apparatus according to claim 1 and wherein said 
apparatus for transmitting light comprises image 
rotating apparatus disposed along the longitudh 

55 nal axis, detector apparatus for sensing inaccur- 

acies in light transmission to the light directing 
apparatus and feedback apparatus responsive to 
the sensed inaccuracies for correcting the rela- 
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tive orientations of at least one of the multi-beam 
light source assembly, the light directing appara- 
tus and the apparatus for transmitting light in or- 
der to remove the sensed inaccuracies. 

3. Apparatus according to claim 1 and wherein said 
apparatus for transmitting light comprises image 
rotating apparatus disposed along the longitudi- 
nal axis and having at least one optical wedge 
fixed thereto in operative engagement therewith 
for substantially eliminating inaccuracies result- 
ing from inaccuracies in manufacture and mount- 
ing of the image rotating apparatus and the ap- 
paratus for rotating same. 

4. Apparatus according to claim 1 and wherein said 
multi-beam light source assembly is operative to 
rotate at the same speed as the light directing ap- 
paratus. 

5. Apparatus according to claim 4 and wherein the 
light transmitting apparatus comprises a pair of 
lenses which are fixed with respect to the longi- 
tudinal axis and to the substrate. 

6. Apparatus according to claim 4 or claim 5 and 
wherein said the light source assembly compris- 
es a rotary optical joint 


1 rated from each other in a direction perpendicular 
to the longitudinal axis; 

light directing apparatus operative to di- 
rect light received from the multi-beam light 
5 source assembly to the recording substrate; and 

apparatus for transmitting light from said 
multi-beam light source assembly to said light di- 
recting apparatus, 

the internal drum plotter being character- 
to ized in that the line to line resolution produced 
thereby may be continuously varied by adjust- 
ment of the orientation of at least one of said light 
source assembly, light directing apparatus and 
apparatus for transmitting light relative to the re- 
15 mainder. 


20 


25 


7. Apparatus according to any of the preceding 30 
claims and wherein said light source assembly 
comprises a plurality of light sources. 


8. Apparatus according to any of claims 4-6 and 
wherein a data input is provided to the light sourc- 35 
es using an electrical rotary joint 

9. Apparatus according to any of claims 4-6 and 
wherein a data input is provided to the light sourc- 
es in a wireless manner. 40 


10. Apparatus according to any of the preceding 
claims 4-6 and wherein said light source assem- 
bly includes a power supply which rotates togeth- 
er with a plurality of light sources. 45 


11. Apparatus according to any of the preceding 
claims 4-6 and 1 1 and wherein said rotating light 
source assembly comprises an integrated optical 
element receiving an electrical data input. so 


12. An internal drum plotter including: 

apparatus for mounting a recording sub- 
strate in a generally cylindrical configuration 
about a longitudinal axis; ss 

a multi-beam light source assembly dis- 
posed at a first location along the longitudinal 
axis, such that separate light sources are sepa- 
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FIG. 3C 
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